Recently, a vertebrate assemblage of the Jehol Biota has been reported from the Early Cretaceous Hengtongshan Formation of Xingling Town, Meihekou City, Jilin Province, China. It is dominated by the fishes Lycoptera and Sinamia and the sinemydid turtle Ordosemys. Here, we describe the turtle specimens and referral to Ordosemys liaoxiensis, otherwise known from the older Yixian Formation of the Jehol Biota. It is characterized by a subcircular shell, wide vertebral scales, well-developed plastral fenestrae, and a major contribution from the xiphiplastra to enclose the hypo-xiphiplastral fenestra. As the first Mesozoic turtle of Jilin Province, this record represents the first tetrapod to indicate the presence of the Jehol Biota in the region. Given the geographic and temporal distance from the Yixian Formation, future collections from the Hengtongshan Formation have good potential for evaluating spatiotemporal patterns of the Jehol Biota.
Introduction
The Jehol Biota of northeastern China (western Liaoning and conjoint areas) is renowned for providing exceptional insights into an Early Cretaceous ecosystem through its exquisite preservation of plant, invertebrate, and vertebrate fossils (e.g., Zhou et al., 2003; Pan et al., 2013) . In the field, the Jehol Biota is typically recognized by the pres-ence of the Eosestheria (crustacean)-Ephemeropsis trisetalis (mayfly insect)-Lycoptera (fish) community (T. . Freshwater sinemydid turtles are among the most common tetrapod fossils of the Jehol Biota, which makes their biostratigraphic potential of interest (e.g., Ji, 1995; Tong et al., 2004; Zhou, 2010a, b; Zhou and Rabi, 2015; S. Shao et al., 2017 S. Shao et al., , 2018 Li et al., 2019) . However, these fossil turtles have been less commonly collected outside the typical western Liaoning area of the Jehol Biota (e.g., Ma, 1986; Li et al., 2015; Li and Tong, 2017; Wu et al., 2018) . Recently, as the first record of the Mesozoic turtles from Jilin Province, the sinemydid Ordosemys has been reported from the Early Cretaceous Hengtongshan Formation of Xingling Town, Meihekou City (Wu et al., 2018) . This material has not been described yet, and its species-level taxonomy awaits clarification. In this study, we describe this material, together with other two specimens, and clarify their taxonomic status. We show that these turtles represent the first tetrapod evidence for the presence of the Jehol Biota in the Hengtongshan Formation. Previous studies correlated the Hengtongshan Formation with the Jiufotang Formation of the Jehol Biota of western Liaoning and conjoint areas based on radiometric dating (119-123 Myr; Y. Chen et al., 2008; Sui and Chen, 2012; J. Chen et al., 2016) and biostratigraphic data (e.g., Lycoptera, Ephemeropsis, Eosestheria, Huashia, Diestheria, and Orthestheria) (e.g., JBGMR, 1982; Chang et al., 2009; Wu et al., 2018) .
The sinemydid turtle Ordosemys has a broad paleogeographic distribution in northern China (e.g., Danilov and Parham, 2007; Li et al., 2019) . Three species are widely accepted, including the type species Ordosemys leios from the Ordos Basin of Inner Mongolia and Mengyin Basin of Shandong (Brinkman and Peng, 1993; Brinkman and Wu, 1999; Li et al., 2019) , O. liaoxiensis from the Yixian Formation of western Liaoning (e.g., Ji, 1995; Tong et al., 2004) , and O. brinkmania from Junggar Basin of Xinjiang (Danilov and Parham, 2007) . Ordosemys donghai (i.e., Manchurochelys donghai, Ma, 1986) as recombined by Brinkman et al. (2008) from Heilongjiang, is possibly excluded from Ordosemys in lacking the typical generic features (Li et al., 2019) .
Geographic and geologic settings
The fossil site is located at a small quarry near Shuanghe Village, Xingling Town, approximately 15 km southeast of the Meihekou City, southern Jilin Province, China (42 • 24 54.52 N, 125 • 51 02.21 E; Fig. 1 ). Five fossilbearing layers can be identified in the outcrop of the fossil site ( Fig. 1b ). The turtle fossils described in this study are from the lower layer, associated with the fishes Lycoptera davidi and Sinamia sp. However, as described by the local farmers, an upper layer is a possible second one bearing fossil turtles. Unfortunately, the fossil turtles were lost by the local farmers.
The fossil-bearing beds are mainly composed of lacustrine deposits of thick layers of greyish-green sandstones and siltstones, which belong to the middle part of the Hengtongshan Formation (JBGMR, 1982; Wu et al., 2018) . The Hengtongshan Formation is well exposed in southern Jilin Province and spans 119-123 Myr based on radiometric dating (e.g., Chen et al., 2008 Chen et al., , 2016 Sui and Chen, 2012) . Based on this, the Hengtongshan Formation is roughly coeval to the Jiufotang Formation as also suggested by biostratigraphic data (e.g., Lycoptera, Ephemeropsis, Eosestheria, Huashia, Diestheria, and Orthestheria) (e.g., JBGMR, 1982; Chang et al., 2009; Wu et al., 2018) .
Samples and methods
Three turtle specimens and associated fishes Lycoptera and Sinamia were collected by the local farmers from a quarry near Shuanghe Village, Xingling Town, Meihekou City, southern Jilin Province, China (Fig. 1 ). The fossils are deposited in the Paleontological Collection of Xingling Town. Before this study, a skillful preparation of three specimens was performed in the Research Center of Palaeontology and Stratigraphy, Jilin University. The fossils are deposited in greyish-green sandstones and are strongly compressed dorsoventrally. The largest specimen (XL-009; Fig. 2 ) preserves much of the plastron with several fragments and traces of the carapace; the full ossification of the carapace indicates an adult stage for this specimen. The other two specimens (XL-007 and XL-008; Figs. 3-4) are slightly smaller with XL-008 exhibiting large costo-peripheral fenestrae, whereas XL-007 reduced to closed costo-peripheral fenestrae. The three specimens are identified as the same taxon representing different ontogenetic stages. Specimens XL-007 ( Fig. 3) , a subadult specimen with most of the shell; XL-008 ( Fig. 4 ), a juvenile skeleton including a partial skull, cervicals, shell and forelimbs; XL-009 ( Fig. 2) , an adult skeleton including a partial carapace, much of the plastron, and some appendicular bones. These fossils are deposited in the Paleontological Collection of Xingling Town (XL).
Locality and horizon
A quarry (GPS: 42 • 24 54.52 N, 125 • 51 02.21 E) near Shuanghe Village, Xingling Town, Meihekou City, southern Jilin Province, China (Fig. 1) ; the Early Cretaceous Hengtongshan Formation (119-123 Myr).
Description

Osteology of XL-009
XL-009 is the largest specimen with an estimated plastral width of 144 cm. The carapace is mostly missing, but the imprints reveal that the costo-peripheral fenestrae were fully ossified ( Fig. 2a, b) . Neurals 1 and 2 are partially preserved together with the sulcus of vertebrals 1-2 across neural 1 and costal 1. The sulcus is slightly protruding anteriorly, which is also known for Ordosemys leios and O. brinkmania (Danilov and Parham, 2007; Li et al., 2019) . The preneural plate is typical for Ordosemys spp., and its suture with neural 1 is generally positioned behind the sulcus of vertebrals 1-2 in Ordosemys spp. (e.g., Brinkman and Peng, 1993; Tong et al., 2004; Danilov and Parham, 2007; Li et al., 2019) , or confluent with the sulcus of the vertebrals 1-2 (a juvenile of O. leios; IVPG-T001-2; Li et al., 2019) . However, the suture is uncertain in the corresponding region of XL-009.
The plastron is well exposed with the hyoplastron, hypoplastron, and xiphiplastron in visceral view ( Fig. 2c, d) . The plastral fenestrae are open, including the two medial and two lateral fenestrae, as in Ordosemys leios, O. liaoxiensis, and Liaochelys jianchangensis (Brinkman and Peng, 1993; Tong et al., 2004; Zhou, 2010a) . The central and lateral plastral fenestrae are enlarged in size, whereas the hypoxiphiplastral fenestra is much smaller. The xiphiplastra contributes to the hypo-xiphiplastral fenestra to a greater extent than the hypoplastra. In contrast, the fenestra is enclosed by the xiphiplastra and hypoplastra subequally in O. leios, O. liaoxiensis, and L. jianchangensis (Brinkman and Peng, 1993; Tong et al., 2004; Zhou, 2010a) .
The right hyoplastron is 72 mm in width. The hyoplastron and hypoplastron are firmly articulated and form the plastral bridge. The bridge is 45 mm in length. Laterally, the hyoplastron and hypoplastron are characteristic of the peg-like processes which articulated with the carapace through ligaments. The hypoplastra enclosed the posterior medial fenestra with the xiphiplastra. The xiphiplastra is largely covered by the pelvic girdle. The xiphiplastron seems to be elongated as in Ordosemys spp. but different from the condition seen in Liaochelys jianchangensis.
The pectoral girdle is only preserved with the two straplike coracoids. The right pelvic girdle is exposed with the pubis and ischium. The pubis is triradiate with the lateral pubic process, the medial pectineal process, and the dorsal acetabular process. The lateral pubic process is comparable with the pectineal process in size. The acetabular process is stronger and firmly articulates with ischium. The right femur is preserved in articulation with the acetabulum and is about 40 mm long. The tibia and fibula are only preserved with their proximal ends.
Osteology of XL-007
The carapace appears to be subcircular with an estimated width of 130 mm across costal 4 (Fig. 3) . The carapace is smooth and sculptured by the scale sulci. Costals 2-8 are preserved and the costo-peripheral fenestrae seem to be open between costals 2-4 and peripherals 4-7, but the posterior ones are fully closed. In contrast, the similar region is completely ossified in the larger specimen XL-009, based on the imprints of the carapace (Fig. 2a, b) . Therefore, the open condition implies that XL-007 represents a subadult individual.
Distally, the rib ends are exposed similarly to the condition in other sinemydids. Costal 3 is not expanded distally, different from the condition of Liaochelys jianchangensis (Zhou, 2010a) .
The sulci of vertebral and pleural scales are deep and identifiable. The lateral termination of vertebral 3 can be traced. Its width is about 70 mm, more than half the width of the carapace indicating that the pleural is narrower than the vertebral as also seen in Ordosemys spp., Liaochelys jianchangensis, and Xiaochelys ningchengensis (e.g., Brinkman Figure 2 . Ordosemys liaoxiensis (XL-009; most in visceral view) from the Early Cretaceous Hengtongshan Formation of Shuanghe Village, Xingling Town, Meihekou City, Jilin Province, northeastern China. (a, b) Carapace before preparation; (c, d) plastron and appendicular elements after preparation. Abbreviations: 1-2, neural plates 1-2; c1-c6, costal plates 1-6; cf, central plastral fenestra; co, coracoid; d2-d6, dorsal vertebrae 2-6; fe, femur; fi, fibula; hyo, hyoplastron; hyp, hypoplastron; is, ischium; lf, lateral plastral fenestra; pe, peripheral plate; pf, posterior medial plastral fenestra; pu, pubis; ti, tibia; v1-v2, vertebral scales 1-2; xi, xiphiplastron. and Peng, 1993; Tong et al., 2004; Danilov and Parham, 2007; Zhou, 2010a; Zhou and Rabi, 2015) .
The plastron has a limited exposure with the inguinal buttress of the hypoplastron. The inguinal buttress terminates at peripheral 8.
Osteology of XL-008
XL-008 is a juvenile skeleton and is exposed dorsally (Fig. 4) . The partial skull is poorly preserved in articulation with the damaged cervical series. The forelimbs are partially preserved with the distal end of the humeri, the right ulna, and radius. The ulna is about 20 mm long.
The carapace is also strongly damaged, resulting in the extensive exposure of the plastron in dorsal view. Large costoperipheral fenestrae are present, implying a juvenile stage for this specimen. The carapace shows a subcircular profile. The preserved length is about 120 mm, but the estimated length is about 130 mm. The maximum width is about 130 mm and comparable with that of XL-007. The cervical scale is wide. Other sulci are obscured due to the broken surface of the carapace. The nuchal emargination is moderately developed.
The hyoplastron and hyoplastron are enclosing the large central fenestra and lateral fenestrae. The bridge is about 34 mm long. The three specimens represent an ontogenetic series from juvenile (XL-008), to subadult (XL-007), and to adult (XL-009) stages. As they show no distinct morphological differences besides the ontogenetic variance and were collected from the same locality and horizon, we refer them to the same taxon. The specimens are similar to Ordosemys spp. and differ from other sinemydids in having a subcircular shell, wide vertebral scales, and large central and lateral fenestrae of plastron (e.g., Brinkman et al., 2008; Li and Tong, 2017; Li et al., 2019) . The presence of a preneural plate is also diagnostic for Ordosemys spp. (e.g., Brinkman et al., 2008; Li et al., 2019) , but it is uncertain in all three specimens due to the poor preservation.
Three species are widely accepted in the genus Ordosemys: O. leios, O. liaoxiensis, and O. brinkmania (Danilov and Parham, 2007; Brinkman et al., 2008; Li and Tong, 2017; Li et al., 2019) . Two further species, O. perforata (i.e., Asiachelys perforata sensu Sukhanov and Narmandakh, 2006; Danilov and Parham, 2007) and O. donghai (i.e., Machurochelys donghai sensu Ma, 1986; Brinkman et al., 2008; Li and Tong, 2017) , have been questioned in their affinities to Ordosemys in lacking the preneural plate and wide vertebral scales (e.g., Li et al., 2019) .
The Jilin specimens differ from O. brinkmania in the presence of a hypo-xiphiplastral fenestra. The fenestra is also present in O. leios and O. liaoxiensis, but O. leios lacks lateral plastral fenestrae. In the former two species, the hypo-xiphiplastral fenestra is enclosed by the hypoplastra and xiphiplastra subequally. In the adult XL-009, however, the xiphiplastra have a major contribution relative to the hypoplastra in enclosing the fenestra (Fig. 2) . The hypoxiphiplastral fenestra is also known in other sinemydids including Liaochelys jianchangensis (the adult specimen PMOL-AR00140; Zhou, 2010a) , Changmachelys bohlini (the subadult specimen GSGM 05-CM-016, but uncertain in adult specimen GSGM 05 IG-02-0902; Brinkman et al., 2013) , and Jeholochelys lingyuanensis (the juvenile specimen PMOL-AR00213, but absent in adult specimens; Shao et al., 2018) . The fenestra is therefore subject to ontogenetic variation although the hypo-xiphiplastral fenestra is always enclosed subequally by the hypoplastra and xiphiplastra in these sinemydids. The condition in the adult XL-009 is therefore unusual, but there is still much left to be learned about the ontogeny and individual morphological variation of sinemydids (Shao et al., 2018) . Given that the Jilin material only differs from O. liaoxiensis in this single character, we refer all specimens to this species.
Paleobiogeography of Ordosemys
Among freshwater sinemydid turtles, Ordosemys spp. is considered to have the broadest paleobiogeographic distribution in northern China (e.g., Danilov and Parham, 2007; Li et al., 2019) . The type species Ordosemys leios is from the Ordos Basin of Inner Mongolia (Brinkman and Peng, 1993 ; see also Brinkman and Wu, 1999) and has been recently reported from the Mengyin Basin of Shandong (Li et al., 2019) . The second species, O. liaoxiensis, is known from the lacustrine deposits of Yixian Formation of Beipiao, western Liaoning (e.g., Ji, 1995; Tong et al., 2004) . Ordosemys brinkmania comes from the fluvial deposits of the Tugulu Formation of Wuerho, eastern Xinjiang (Danilov and Parham, 2007) . Ordosemys donghai (i.e., Manchurochelys donghai sensu Ma, 1986; Brinkman et al., 2008; Li and Tong, 2017) from Helongjiang was previously considered the easternmost record of Ordosemys in northeastern China (Danilov and Parham, 2007) , but this taxon may not belong to Ordosemys because of the lack of a preneural and wide vertebral scales (e.g., Li et al., 2019) . Ordosemys liaoxiensis is so far restricted to northeastern China and the Yixian Formation of the Jehol Biota. The new record expands the distribution of this species from western Liaoning to southern Jilin. This occurrence thus furthermore supports that Ordosemys spp. may have had a broader paleogeographic distribution compared to other sinemydid turtles. As the first Mesozoic turtle of Jilin Province, Ordosemys liaoxiensis from the Early Cretaceous Hengtongshan Formation represents the first tetrapod to indicate the presence of the Jehol Biota in the region. It also extends the stratigraphic range of O. liaoxiensis, which was previously only known from the lower Yixian Formation and has not been reported from the overlying Jiufotang Formation of Liaoning, the equivalent of the Hengtongshan Formation of Jilin Province (e.g., Wu et al., 2018) . This is likely due to a sampling bias because we are aware of unpublished specimens from the Jiufotang Formation that resemble Ordosemys spp. Given the morphological difference from the typical O. liaoxiensis from the Yixian Formation and given the geographic and age difference, future collections in the Hengtongshan Formation have good potential for evaluating spatial patterns of the Jehol Biota.
Data availability. Three specimens of Ordosemys described in this study are stored in Paleontological Collection of Xingling Town, Meihekou City, Jilin Province, China (accession numbers: XL-007, XL-008, and XL-009).
